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DETERMINATION OF MICRO AMOUNTS OF IRON» ALUMINUM, AND 
ALKALINE EARTH METALS IN SILICON CARBIDE 


Hiroshi Hlrata and Masanao Aral 
Wireless Research Laboratory, 

Matsushita Electric Industrial Co., Ltd., Osaka, Japan 

Mlcro^components In silicon carbide, the raw material for /820* 
veurlstors, were studied by the method of colorimetric analysis. 

That Is, the Iron soluble In hydrochloric acid was determined In 
the same way as the JIS method by measuring the absorbance of Its 
thiocyanate complex Ions at 480 my. Iron and aluminum were also 
extracted by means of chloroform by generating oxines and chelates 
at pH 7> they were also determined at the same time by measuring 
their absorbances at 390 and 470 my. Since the calcium and magne- 
sium contents were very small, their absorbances were measured at 
610 my (pH 11.5) using thymolphthalein complexon to obtain their 
total amount. The values obtained by determining N.B.S. s€unples 
with this method agreed extremely well with the standard values. 
Therefore, the method was applied In the analysis of actual 
samples, and good results were obtained. 

1. Introduction 


In the manufacturlnj of silicon carbide, which is used as 
the chief raw material for varistors, the composition and the 
amounts of impurities tend to be extremely variable. Since they 
exert a cc-slderable Influence on the electrical characteristics, 
strict determination of them is a necessity when the raw materials 
are purchased or used. The JIS R 6124 method [1] is currently 
available for analyzing silicon carbide. However, this method 
pertains to silicon carbide used as an abrasive, and it would be 
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quite difficult to apply this method unmodified to silicon carbide 
for varistors, since the impurities contained in it (iron, aluminum, 
calcium, and magnesium) are all present in quite small amounts. 

The authors decided, therefore, to determine all the micro- 
components uy means of colorimetry. The iron soluble in hydro- 
chloric acid was determined by the thiocyanate method; the iron 
and aluminum were determined by the oxlne-chloroform method; and 
the calcium and magnesium were determined by the thymolphthaleln 
complexon (TPC) method. 

2. Analytical Methods 

2.1. Reagents 

Iron standard solution (1 mg/m£); 0.2500 g of metallic Iron 

(manufactured by Yokozawa Kagaku, 99 *99^) was measured precisely, 
dissolved in 25 m£- of hydrochloric acid (1 + 1), and diluted to 
250 mt. 

Aluminum standard solution (1 mg/mH). ''.2500 g of metallic 
aluminum (manufactured by Yokozawa Kagaku, 99 .99^) was measured 
precisely, dissolved In 25 mt of hyarochlorlc acid (1 + 1), and 
diluted to 250 mi. 

Calcium standard solution (1 mg/mi): 0.6250 g of calcium 

carbonate (Wako Junyaku special-grade reagent) was dissolved in 
25 mi of hydrochloric acid (1 + 1) and diluted to 250 mi. 

Oxine solution: 1.5 g of oxlne (Wako Junyaku special grade) 

was heated and dissolved in 5 mi of glacial acetic acid and 
diluted to 250 mi. 


Ammonium acetate solution (2M): 13 >5 g of ammonium acetate 

(Wako Junyaku special grade) was dissolved and diluted in distilled 
water until the amount reached 200 mi. 

TPC solution: 150 mg of TPC (manufactured by Ddjin Takkagaloi) 

was taken in a 230 mi measuring flask and dissolved and diluted in 
alcohol . 

Triethanolamine solution: 100 mi of distilled water was 

added to 100 mi of a triethanolamine (WakC Junyaku special grade) 
solution. 

The sodium cstrbonate, sodium hydroxide £ind sodliim peroxide 
used as fusing agents, as well as the other reagents, were all 
special-grade products of Wako Junyaku. The indicators used for 
chelate titration (MX, NN, BT, etc.) were manufactured by DSJln 
Yakkagaku . 

2.2. Equipment 

A Hitachi recording spectrophotometer (model EPS-2) was used 
to measure the absorbances, and a Horlba pH meter (model M-3) was 
used to measure the pH. 

2.3. Analytical Procedures 

2.3.1. Determination of Iron Soluble In Hydrochloric Acid 

Exactly 1 g of the ssunple was measured and taken into a 100 
ml beaker. 50 ml of hydrochloric acid (1 + 1) was added to It, 
and It was covered with a watch j^lass. It was then gradually 
heated. After most of the soluble iron had been dissolved. It 
was left to stand overnight. The Insoluble residue was then 
filtered out and diluted in a 100 or 200 ml measuring flask. 
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Next the neceesary amount was taken Into a 50 mX, measuring flask, 
and 5 mi of a lOK ammonium persulfate solution, then 10 mi of a 
lOi ammonium thiocyanate solution were added to color the Iron. 

Then the absorbance was measured one hour later at 4b0 my, and 
the Iron contents were found with a calibration curve prepared in 
advance , 

2.3.2. Decomposition of Silicon Carbide /821 

Exactly 0.5 g of the sample was measured out and put Into a 
platinum pot together with 5 g of sodium hydroxide and 5 g of 
potassium nitrate. It was at first heated as slowly as possible 
to drive out the moisture content thoroughly. Then It was fused 
completely while maintaining a dark red color. The silicon was 
removed from the fused substance according to the section entitled 
’’Method for Determining Total Silicon” In 5.2 of the JIS method. 

This was then used as the test solution for determining the Iron, 
aluminum, calcium and magnesium. 

2.3.3. Determination of Iron and Aluminum 

The silicon which had been separated according to the JIS 
method was diluted until It reached 200 mi, and 1-10 mi was 
separated from this diluted filtrate, the exact amount depending 
upon the amount or iron and aluminum supposed to be present. 

Then 5 mi of the oxine solution and 5 mi of the ammonium acetate 
solution were added, the pH was adjusted to 7 by means of 
aqueous ammonia, and the sample was transferred Into a separating 
funnel and its total amount brought to 100 mi. Next, exactly 10 
mi of chloroform was added, the mixture was shaken Intensely for 
1 minute, and it was then allowed to stand for 5 minutes. Then 
the chloroform solution was transferred Into a small-sized bottle 
with a ground stopper containing anhydrous sodium sulfate, and 
Its absorbance was measured at 390 and ^70 ray, using as a control 



a solution prepared by exactly the same method from fusing on, 
except that It contained no sample. The Iron and aluminum concen- 
trations Cpe and Cai were obtained by the following formulas from 
their respective absorbances A35Q and 

c,.-- c.,-ife%4a!a i 

Here, *390 *470 values of the absorptivity. 

Incidentally, the values obtained In this way for the Iron will 
contain also the Iron soluble In hydrochloric acid, and It will 
be necessary to subtract this amount. 

2.3.4. Determination of Alkaline Earth Metals 

The silicon was separated according to the JIS method, and 
10 ml was taken from the filtrate which had been diluted to 200 
ml. Then 1 ml of a 50$ triethanolamine solution and 1 ml of a 
10$ ammonium chloride solution were added to this. Next 5 mA 
of a 0.06$ alcohol solution of TPC and 25 ml of concentrated 
aqueous ammonia were added, and the solution was diluted In a 
50 ml measuring flask. Its absorbance was then measured at 
610 my, using the test solution as a control, since the latter 
contains no sample. The alkaline earth metal contents were then 
found with a calibration curve prepared in advance in the same way. 

3. Study of the Analytical Methods 

3.1. Study of the Method for Determining Iron Soluble in Hydro- 
chlorlc Acid 


The JIS mentions two methods for determining the iron which 
becomes mixed with the silicon carbide during the crushing process: 
the potassium permanganate titration method and the colorimetric 
method using potassium thiocyanate. In this case we used the 
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latter colorimetric method. However, the thiocyanate complex Ions 
will fade rapidly If the JIS method Is used without modification, 
arid we therefore made a study of the method of adding ammonium 
persulfate [2]. The results are as shown In Fig. 1. 


(1) and (2) In Fig. 1 show 


0 . 7 | 



Time, hr 

Fig. 1 Effect of standing time on absorbance of 
ferric thiocyanate complex 


® 1}( NH«SaN in l.tv H,SO„ ® lit NHiSCN in 
I.IAT Ha, ® lit NHiSOi+Ilf (XH,)iS;Oi in 
I.U» HiSOt, S) lit NHiSCN+llt (NH|):S;0| in 
I.2AT HO 


samples In curves (3) and (4), 


the measured values of the absor- 
bances of ferric chloride and 
ferric sulfate prepared In the 
following manner. Amounts of 
each were taken In 100 ml measu- 
ring flasks, and 10 ml of 12N 
hydrochloric ado or 12N sulfu- 
ric acid was added to them. Then 
10 iiil of a 10$ ammonium thiocyan- 
ate solution was added, and the 
solutions were diluted with 
distilled water until they each 
came to 100 ml. Then their ab- 
sorbances were measured with the 
passage of time (hours). In the 
I ml of a 10$ ammonium persulfate 


solution was added before the addition of the ammonium thiocyanate. 


As Is clear In Fig. 1, the absorbance declines remarkably 
with the passage of time In samples which contain no ammonium 
persulfate, no matter whether they contain hydrochloric or sulfu- 
ric acid. However, If ammonium persulfate Is added, their absor- 
bance will become more or less constant after a certain time. 
Therefore, the measurements were taken about 1 hour after the 
addition of ammonium persulfate and ammonium thiocyanate. Inci- 
dentally, the sulfur will be liberated rapidly If ammonium thio- 
cyanate and ammonium persulfate are used In excessive amounts, 
and the limit Is 10 m£ In a 50 mJl measuring flask. The absorption 
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maximum wavelengths will also differ depending upon the amounts of 
these reagents which are added, but 480 my Is believed to be best. 


3.2. Study of Method for Decomposing Silicon Carbide /822 

In the study we followed the JIS fusing method. In which 10 
g of sodium carbonate or sodium hydroxide and 4 g of potassium 
nitrate are added to 0.5 g of the sample, which Is then fused In 
a nickel pot while maintaining a dark red color. However, the 
silicon carbide to be determined here can be fused by the sodium 
carbonate-potassium nitrate method only with difficulty. If an 
elevated temperature Is adopted, the fusing agent will spatter or 
will flow out along the walls of the pot, and It Is therefore 
necessary to repeat the process a number of times at a lov; tempe- 
rature. In fact, there are some samples which cannot be fused 
even when the process is repeated. However, If the sodium 
hydroxide-potassium nitrate method Is carried out In the manner 
described in section 2.3.2, fusion will be completed In about 1 
hour. In this case, there will be good fusion at a low tempera- 
ture even If the sample and fusing agent are not thoroughly mixed 
together. In addition to the JIS method described above, we also 
made a study of the sodium carbonate-sodium peroxide method In 
the Interests of speeding up the fusion process. We found that 
if the heat Is Increased somewhat the reaction with the sample 
will proceed at an explosive rate and the fusion will be completed 
within a short time. However, large amounts of nickel will be 
eluted, and there will also be danger that the sample and fusing 
agent may spatter. This, this method Is lacking in reproducibi- 
lity. 


Consequently, the JIS sodium hydroxide-potassium nitrate 
method was adopted on account of the circumstances described 
above. The amounts of fusing agents were 5 g of sodium hydroxide 
and 5 g of potassium nitrate for every 0.5 g of sample. Since 
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the amounts of nickel from the pot which are mixed Into the sample 
are variable, nickel pots were deemed to be unsuitable for analyzing 
Iron and aluminum, and It was decided to use platinum pots In this 
case. 

3.3. Study of Method for Determining Iron and Aluminum 

In the JIS method, both Iron and aluminum are precipitated 
simultaneously as hydroxides, and they are both weighed as oxides. 
Next, the iron contents are fourid by the potassium thiocyanate 
method, and the amount of aluminum is calculated by subtraction. 

Hu •''ever, the samples analyzed here contain far less Iron and 
aluminum than the amounts contained In silicon carbide used as 
an abrasive. Therefore, If the JIS method is adopted, not only 
will the error based on the method Itself be Increased, but it 
will also be necessary to fuse large amounts of the sample with 
large amounts of fusing agents, so that iron and aluminum Impu- 
rities originating In the fusing agents and other sources may 
very well be mixed In the samples. For this reason. In this 
case we studied a method of extracting the Iron and aluminum in 
chloroform In the form of oxlne salts and performing the colorl- 
metrlcal analysis at the same time [3]- 

3.3.1. Absorption Curves 

The oxlne salt of Iron in a chloroform solution has Its 
absorption ma,xlma at 370, ^70 and 580 my, as Is shown in (A) of 
Fig. 2. On the other hand, the oxlne-chloroform extract of 
al’imlnum has absorption at 390 my, but It has almost none at 
wavelengths greater than 450 my, as is shown in (B). In addition, 
the absorption of iron at 390 and 470 my and that of aluminum at 
390 my both follow Beer's law quite well, as Is shown In Fig. 3. 
Therefore, It would be possible to determine both Iron and 
aluminum simultaneously In accordance with the formula In 2. 3* 3. 
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Fig. 2 Absorption spectra 

(A) Fc-Oxioe in chloroform, Reference : Oxioc in 
chloroform; (8) Al-0*me in chloroform. Reference: 
Onine In chloroform; (C) Oxine in chloroform,^ 
Referroce : Chloiofom ; (D) Fusing asent*Oxine*m 

chloroform, Reference : Oxine In chloroform 


Nevertheless, since the absorption 
curves In blank tests showed con- 
siderable absorption at 390 and ^170 
mv, as Is shown In (D) of Fig. 2, 

It was decided to use a control 
solution for the actual samples 
In the actual analysis. The control 
solution was prepared exactly in the 
same way as the sample solutions, 
with the sole difference that it 
contained no sample. 

3.3.2. Influence of pH during /823 
Extraction 



We Investigated the pH when 
the oxine salts of Iron, aluminum 
and the control solution were 
quantitatively extracted In chloro- 
form. It was found as a result 
that the pH of iron was 2.M or 
higher and that of aluminum was 
^•5 - 9* 5. When the absorbance 
of the control solution was being 
measured at 390 my, it became 
constant at 4.5 - 9-!5» Consequent- 
ly, It will be sufficient to carry 
out the extraction at a pH of 4.5 - 9.5. However, when a study was 
made with actual samples. It was found as a result that a pH of 6 - 8 
was better than one of 5, as Is shown In Table I. For this reason, 
it was decided to use a pH of 7 during extraction. 


Fig. 3 Cilibration curves of alumiaura and iron 
— Q— Alji), —A— Jtiio. — O- F'm 


TaWf I F.fTect of pll on rxlraclion of oxine sails 
of iron and alutninutii witli cMoroCorm 

pH J<1»! .1,;, 


5 0.9nisii 111 O.SIliOOli 

6-8 i.oyj.on.'; o s'.i-o on? 
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3.3.3. Influence of Impurities In Fusing Agents 

Large amounts of fusing agents are used In fusing silicon 
carbide. The fusing agents (special-grade reagents) contain con- 
siderable amounts of Iron, aluminum and other elements which might 
Interfere with measurement of the absorbance. Should there be 
pronounced differences in the Impurities depending on the time and 
place of collection of samples, considerable errors might possibly 
result on account of tne minute amounts of Iron and aluminum con- 
tained In the samples themselves. In order to find out the degree 
to which this Is the case, we followed tho actual analytical pro- 
cedures to find the absorbance of the fusing agents at 390 and ^70 
my, using an oxlne-chloroform solution as the control. The values 
are shown in Table II. These results show that the fluctuations 
in absorbance caused by the fusing agents are very slight and that, 
even If a platinum crucible Is used, the disturbances caused by 
elements eluted from the crucible are quite negligible. 

Tabic II Abiorbance of fusing agent extracted 
by oxine-chloroform 

Sampi« A|fo 

Fusing agrui (I) 0.074±U.0II 0.032±0 (XXi 

• (II) 0.074^0.011 o.o.n-o.at*, 

(I):5g NiOH-*-5g KNOi, (M) : (I) M' UeU in platinum crucible 

3.3. ^. Influence of Other Ions Present 

Silicon carbide was given quantitative analysis by emission 
spectrometry, and the results showed that. In addition to Iron 
and aluminum, other elements such as copper, manganese, calcium, 
magnesium and strontium were also present. Of these, cc, per would 
obviously disturb the analysis, but its concentration was small 
and negligible. Manganese also wou]d be difficult to extract at 
this pH, but Its concentration was also very small, and it poses 
hardly any problem. The alkaline eartn metals were also found to 
be completely negligible. Thus, It was concluded that there is no 
need to consider the Influence of other elements which may be 
present. 
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'I'ablc III Absorbance and aV*wption coefTicicnt 
of oxine 'alts of iron and aluniinuin 
in chloroform 


Amount 

•dded 

(rt/lOmO 







3.0 

— 


* 

— 

0.141 

O.OM2 

10.0 

0.0C2 

0.W2 

0.096 

0.0098 

0.287 

0.0287 

30.0 

0.148 

0.0074 

0.193 

0.009/ 

0 558 

0.0.»79 

40.0 

C.300 

0.0075 

0.402 

O.OIOI 

1.117 

0.0279 

ao.o 

Av. 

0.633 

0.0079 

0.007B 

0.801 

0.0100 

0.0099 


0.J282 

Reference : 

: Rragrn 

blank 






Table IV Analytical results for dett. minaiion of 



iron 

and 

aluminuTn in 

',iithetic solu- 


tion 







I0m.*/200s)/ taken 


1 m//200 ml uWen 


y* 

Amount of 
iron 

(0t/aU) 

Amount of 
aluminum 
(,g/ml) 

Amount of 
iron 

Ainouui of 
alummurn 


added found added 

foend 

addel 

found 

add^ found 

\ 

50.0 51.3 

50.0 

49.8 

30.0 

49.1 

50 0 49.6 

3 

30.0 49.6 

2.3 

1.7 

30.0 

47.6 

2.0 1.2 

C 

5.0 3.8 

50.0 

49.6 

5.0 

5 9 

30.0 30.0 

D 

3.0 4.8 

2.5 

2.4 

5.0 

4.5 

2.0 2.1 


3.3.E» Studies with Synthetic 
Samples 

On the basis of the results 
of the studies mentioned above, 
we prepared the calibration curves 
and found the absorption coeffi- 
cients. The method used was the 
same as that described In section 
2.3*3> with the difference that 
the prescribed amounts of Iron and 
aluminum were added separately to 
solutions In which the fusing agents 
had been processed In the same way 
as the test solutions (2.3*2). 


Table V Analytical rcjults of synthetic solution A StUdy WaS itiade With Syn— 



lOml tJkcn 



1 m//.20n r.\t taken 


thetlc samples to determine the 

Fe 

added 

Fe 

lound 

Al 

added 

M 

found 

'Fc 

added 

Fe Al 

add'd addrd 

Al' 

fdu&i 

degree of accuracy of the callbra- 

2« 

0.2 

C.02 

o o 

2tS 

0.2 

0.02 

0.194 

0.021 

:•« 

0.2 

0.02 

1 'W'ji 2«. 
O.-’OJ 0.2 

- 0.02 

i.sdm; 

0.185 

tion curves of Fig. 3» which were 
obtained In this way, and the 


absorption coefficients of Table 


III. The analytical results are shown In Tables IV and V. The 
results shown In Table IV were for four samples when the amounts 
taken were 10 mV200 mA and 1 mA/200 m£. At this range of concen- 
trations, the amount of sample taken makes no difference. When 
there Is a large amount of Iron and a small amount of aluminum, /82 H 
the analytical value for aluminum will tend to be small. On the 
contrary, when there is a large amount of aluminum and a small 
amount of Iron, t le analytical value for iron will tend to be 
large. Table V shows the results when the amounts of iron and 
aluminum added were 10, 1 and 0.1 mg each. When the percentages 
ranged from 2% to about 0.2%, an amount of 1 mA/200 ml was 
sufficient, but when the pei sentage was less than 0.2%, It was 
necessary to take 10 m£/200 mA. 
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"* .4. study of Method for Determining Alkaline Earth Metals 

JIS adopts a method In which calcium is precipitated as 
an oxalate and magnesium as magnesium-annonlum phosphate. After 
they have each been filtered cut, they are exposed to a strong 
heat and weighed. However, this method is applicable only in 
cases where they are present in rather large concentrations, and 
some other method must be considered for silicon carbide ised as 
an electronic material. One such method would be flame spectro- 
photometry, but it would be difficult to apply because of the 
large amounts of sodium and potassium in the test solutions. 

The EDTA titration method Is beyond the range where analysis Is 
possible. It might be possible to use emission spectroscopy, 
but in this case we studied the method of colorimetry with the 
indicators used in EDTA titration. Of the indicators for 
calcium and magnesium, we made studies of NN, BT, MX and TPC [4]. 
We found as a result that TPC had the greatest absorbance for 
calcium concentrations on the order found in the actual samples; 
it also had the best stability. Therefore, in the study described 
below, we limited ourselves to TPC alone and made a study of 
calcium. 

3.4.1. Amounts of TPC Added and pH 

It was found that if TPC were added in an amount of 2,000 
*‘g/?0 mil to calcium in amounts of 100 ug/50 mJl, this would be 
quite sufficient for the production of chelates. Furthermore, 
a pK of 10 - 12 is sufficient for EDT^ titration, but it is 
questionable whether this is suitable for colorimetry. A study 
was made of this, and it was found that the absorbance reached 
its n ^xlmum and become constant at a pH of 11 - 12. Therefore, 
a pH of 11.5 was used in the following. 
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Fig. 4 Effect of pH «bsorbanee of Ca-TPC 
chelate compound 

Ls(^t/mO: -0-1-6. -^-0.8. — x-0.4. 


Table VI Detenuinadon of calcium in *\'nihetic 
aolu'ion 


Added 


Sample (m() 


'a 

B 

c 

D 

NaOH 

3000 

uoo 

5000 

5U00 

KNOi 

woo 

5000 

5000 

5000 

Ci 


o.s 

0.S 

0.05 

Al 



S.S 

J.5 

Ft 



2.5 

2.5 

Cu 



0.05 

0.05 

Mn 



0.15 

0.15 

Cm found 

0.x 

0.4S 

0.47 

0.07 


Reference of A : Re»ceni blank ; Reference of B, C »nd D : -A 


3»4o 2. Infl ince of Other Ions 
Freserit 


As was mentioned In 3 . 3 .^, 
small amounts of Iron, aluminum, 
copper, manganese, strontium, 
calcium and magnesium are contained 
In silicon carbide. Of these, 
the :>pper and manganese concen- 
trations are extremely small, anc 
they au?e negligible. However, It 
Is believed that the Iron (0.5 - 
0.05?) may have a considerable 
Influence, and It Is detected 
with almost the same sensitivity 
as the magnesium (0.03 - 0.00351) 
and strontium (0.01 - 0.00155). 

By adding triethanolamine, we were 
able to mask the iron almost 
perfectly. However, since the 
alkaline earth metals are diffi- 
cult to separate. It was decided 
to find their total amounts. 


3 . 4 . 3 . Studies with Synthetic Samples 

On the basis of the results of the studies outlined above, 
we prepared the synthetic samples shown In Table VI and made 
studies of the operating procedures . A study of the measured 
values In Table VI shows that the control solutions had a quite 
great absorbance. Consequently, If the concentrations are very 
small, rather large errors will result. This Indicates that 
rather large amounts of alkaline earth metals and other disturbing 
elements are prc'^fnt in the fusing agents and other reagents used. 


13 



The elimination of the disturbing elements contained In the reagents 
and distilled water, as well as the methods themselves must be 
studied with greater strictness . 

4. Determination of Actual Samples 

Standard samples (N.B.S.) and samples (manufactured by company 
N) were analyzed according to the procedures described In section 
2.3> and the results were compared with the N.B.S. standard values 
and with the values determined by conqpany N (using a completely 
different analytical method). The results are shown In Table VTI. 

The analytical values for the 
Iron soluble In hydrochloric acid 
could not be evaluated for thelr /825 
accuracy since there are no 
reference values with which they 
can be compared. The analytical 
values fox' the calcium and magnesium 
totaled together were somewhat 
greater than the N.B.S. standard 
values. This Is because unsolved 
problems are still present In the analytical method, as was mentioned 
before, £tnd we must await further studies In the future. However, 
the results for Iron and aluminum agreed well with the N.B.S. stan- 
dard values and the analytical values obtained by company N, and 
it was learned that this method can be applied to the analysis of 
actual samples. 

In conclusion, the authors expres'j their profound gratitude 
to director Shunklchl Shlrosaka and to section chief Senrl 
Okazaki of the Wireless Research Laboratory, Matsushita Electric 
Industrial Co., Ltd., for their permission and enthusiastic 
encouragement for this research. 


Table VII Comparison of present method and 
the other method for detennination 
of iron, aluminuri and alkaline earth 
metals in silicon carbide 


Soapk 

Method 

Fc 

Al 

Ca4Mi 

Oit. Fet 

NBS 1 

Scaadard 

O.U 

0.21 

0 01 


M 

0.47 

0.34 

0.07 

0.12 

1 

N 

0.42 

0.21 

— 


S£-A 1 

M 

N 

0.24 

0.22 

0.57 

0.16 

0.07 

0.14 

SiC-B 1 

M 

O.IS 

0.09 

0.0) 

0.01 

N 

0.t7 

0.10 


— 

Scaadard ; 

Method of 

NBS, M ; 

: Fmem metitod, 

X ; Otbrr 


■wihiwi perfpciocd by N. Co. Ltd. 

t : ifoo mixed up during cfae crushing proem of tUkoo 

carbide, ti u-ai disotved in h)'dn>cfaloric aetd Mtutkm. 
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